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(54)Title: PRESSURE CONVERTER STEEL MAKING METHOD 



(57) Abstract 

A converter steel refining method capable of blowing a molten steel having a 
low peroxidation degree at high productivity and high yield. Firstly, the pressure 
converter steel making method comprises setting a pressure (P) inside a furnace to a 
pressure higher than the atmospheric pressure inside a top bottom blowing 
converter, and regulating a top blowing oxygen feed velocity (F) and a bottom 
blowing gas flow rate (Q) in accordance with the change of the pressure (P) inside 
the furnace. Secondly, the pressure converter steel making method comprises 
setting a pressure (P) inside a furnace to a pressure higher than the atmospheric 
pressure for the entire period, or a part, of the blowing period in a top bottom 
blowing converter, and regulating a top blowing oxygen feed velocity (F) and a 
bottom blowing gas flow rate (Q), and the pressure (?) inside the furnace, in 
accordance with a carbon concentration (C) in a steel bath. 
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© t ©IB left MS Sr«fr*-S r in <fc V) at ij x fc |fflfcE^IW#attifflEi 

A^£»{e A^lf in «fc o Tflltt-ar L ft 5 mttmfcft < 1 1> l %.1±(Df±jj%J§. 

^^o^^x^zk^mkk^^mtom^^mmTjk^tix^o 

0»W2- 2 0 5 6 1 6-i§-4*$R(::te x S^oJ:w,ii:j: t> 7 * 

^SrH^i: LT^3lCl*T«F«1-4*g^i!JffljSfe^*j^T, fe*p|*)£o. 5kgtfcm 
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0. 5 V R, ^ojprt'stDliMU (Nm 3 /min • t) £ US 3. 7 
B#«Mrf&l»Hg6 2 - 1 4 2 7 1 2-^«ttt,te*PX»i*SkJ15c^*3V>T, 

a*1#rF^¥2-2 9 8 2 0 9 t-fi, S^«0#ffi"f 5^lffflt5*Fl3 



WO 98/42879 PCT/J P98/0 1188 

4 

5 1 . 15 + 0. 3 { [%C] - 2 5} 

25^ [%C] ^5 • • 

SE^- P : mmmUPft!±t) (a t m) 

[%C] : ^?Hffl»rt^C^W* (fii%) = 

^^^©41^ S ^ C O L ^-T V ^ fei±^ £ iSi < L X 10 5 „ Ld» U 

20 §tfi^xfc5n^(D{g^^x^|g^^ov^xtt^<^^^v\ 

25 ASfflV^H (®itm. m& 7%. 1981f, 6 7 , (2) 5tX 

ftX^S (fifcfcffl, |68t N 1 9 8 2^, 194 6^— 0 . ' 

( = (371/Wm) • Q • T • {log(l+(9.8 • p • H/P) • (10" 4 ))} (l ) 

t =540 • (H/0.125) 2 ' 3 • p 1/3 • £ (2) 
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BOC= {?/ (l/t) ) X [%C] (3) 

1ZX\ Q\$&»£Z#'*ffim (Nm 3 /ton/min) , Ttt^M (K) % p \~m 
m% (g/cm 3 ) , H\tmm (cm) , P\tpft!±Jj (kg/cm 2 ) , FiZ±vk$m 
mm*&!% (F : Nm 3 /ton/min) , [%C] tij^^^iS, Wmttfgfii: (ton) 
5 Sr^To 

kglcm 2 fab 3 kg/cm 2 iC_b# Ltt>, £ -^B O C^M-fZ&WlttZ < * 

10 X^tz (j!&lllrPf: T^^^X^j x Bg?P5 2¥, HfiJIISIffKlttflJ) H)\ Z 

L' =Lh • exp(-0.78h/Lh) 

Lh=63.0 (F* /nd) 2/3 (4) 

L' fi (4) &Xtfr#£tlZ>*-Y\?T'<—&£ (mm) % h«7>* 

15 kmmmWVm (mm) , F' lZ±.»k%mmm&T&l£ (Nm 3 /Hr) , nS/X/b 
» N d ft / (mm) TfcSo 

2 LTtt (4) &,\z£V&b&L' 7>*5BSi 

(X-Hc) /d t<0&&&W££tlX^Z 1^17 31, 1 9 8 7^ 1 
20 1 1 o AMU, fctffcfcl^Ttt, *i^JStt©8IE&©ii^fH«-C, 

#fflMtf> C Oj6S»3R 1*56 ii*HT C O 2 — t 2 $ ft 5 i: v ^ 5 # 

£HTV>£ i63i, 1 9 7 7¥ ( 9 0 9^-/^). ^fLl^«ttl 

^JEJ^TTCD^-Cfc 19 , MmftMX(D%mz.^^X\$£<mftbtiX\,^ 
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mm m<Dminirz> t^o nag^\ b ^m^mw- 2 - 2 0 5 6 1 6 b * 

5 ft&'£M¥-2 - 2 9 8 2 O 9 0 *#rR&F» 62-1 4. 2712 ^£$B, 

0##l*F4^Bg4 3 -9 9 8 2%rlkmzffl^&ilT\<^ZmiEfcjF&ffilz.#iiZ> y 

15 (1) ±E»A#$^(C:*5V^T % fcftfct) (PI : kg/cm 2 ) £ *^J± J; 9 if J± Id 
gSt^-t-St^tt-, ±5fc # Sfe3tmi£il& (Fl : Nm 3 /ton/rain) £j£nfc£ 
t (Ql : Nm 3 /ton/min) %fcftl±ts ; P 1 £>3gffcK/j; tTWfi1-<5 £ £ 

(2) ±j£!!*:#te^(Ci3V>T, «l«*&3lf 0 . 5%«t«3'bifiil^«-c, ^ 
20 (PI: kg/cm 2 ) Sr^cftJE «fc <9 tffiJE dt^-f 6 iHl:, ±#tlfc3lf{fc 

(F 1 : Nm 3 /ton/min) £ #";*#ftij; (Q l : Nm 3 /ton/min) llo^ 

X, Fl/Pl$rl. 1~4. 8, Q1/P1&0. 05-0. 3 5 0$Effl{C$lJ 

(3) (1) , (2) KfcVvf, flffl^ffifc^fiJcSftS:*^ f 
25 7^-^£ (L) (D) (Dit (L/D) £0. 0 8-0. 3 Id^OTi^ ^ 

rrTx JFrtEE^ttlfeWJE (*fU± = 1 kg/cm 2 ) T^a o 

(4) iJ&^Ss^H&i^T, ^rtEE^ (P2 : kg/cm 2 ) Sr^cp<7>^SPX«- 
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2 : Nm 3 /ton/min) RTf&Xk%#xWL§t (Q 2 : Nm 3 /ton/min) , Mtfld^rtEE 
^]P2?:WkIM (C:wt%) I^Jc5i:T^L$-fr5rt^8![ii-sap 

(5) (4) (dfc^T, iK^ISS : 1 %J^T»^*fi-C^rtJE^ ; P 2 

5 * (5) tt&feztizPAt (6) ^T^$nspBora<DttHrttj:/£s«t 

5tWJ»i-5ri*#»[t-r5J!ipjEE*K^«l«jfeo 

PA=0. 8 + 5 XC (5) 

P B = 2 X C (6) 

PBfilETFKfcfctf 5 P2li0. 9kg/cm 2 £lT 

10 KfiLfcVN, 

(6) (5) £*i^-C\ C^i%«t Di^V>«T(7)±B^|r^^M (Fl : 
Nm 3 /ton/min) t , C1A\ K&T<Dffi&^<D}&%ffl!k$ ! 1&W£. . p 2 £ coirfC 

(7) 5£<&0#-o. 2 5~o. 50®ii:/^J:3l:ait^^ 

15 /3 = ( F 2/F 1) -C (7) 

«±F 2fiF l 3a v) fc*#<fc»9 5 F2liFi«Ttt5o 

F 2 te-r>r-f 0. 5Nm 3 /ton/minetTlittU*V\ 

(7) (5) iCft^T, C^iro^'JiiiV^I^-CO^^^^M (Ql :Nm 3 
/ton/min) t , C# 1 %^TOiiST©M# ^^SStQ 2 t<Dltxmt>£tiZ> 

20 (8) ^7^ s -2~io|£IS^^S<fc5^Mi-5^<l:^#mi:-t-5inE^ 

7= (Q2/Q1) -5X (1-C) (8) 

(8) (4) lifcvvfv C#1~0. 1 %<DM$iX°<DfpfaE.j-} ; P 2 % _h?*;£^ 

§£<&f£M ; F 2, J&!fc£ ; Q 2 £ ( 9 ) 3C<z> 5 # 5 ~ 2 5 WflSBBKft 
8= { (F2XP2) /Q2] m /C (?)>-• 

o) (4) ~ (8) i^vc, vwm&mzj&fSLZtiz*-* r 

7M-$I£ ( L : m) <t^@ (D : m) <Dlt (L/D) 0 . 1 5~0. 3 5 Jd 
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do) (2) xft o) <Dftm*-tz>Tm<Dm® t Pmm&&& do) 

C B =0.078 X P +0.058 X F - 1.3 X Q -0.00069 X Wm +0.49 (10) 
iS. L P : mftEEt) (kg/cm 2 ) 

F : ±L*k%&m&&m& (Nm 3 /ton/min) 

Q :&&.£#XftLM (Nm 3 /ton/min) 
Wm : « (ton) 

(i i) (5) ~ o) nmw&Mifi'rzmmtpmmm&ctf a o) socb 

Srffl^TCB X0.6-CB X 1.8tf>«ifflrt fclfc S £ k ZftWik-f 2>jjal±fe}pMm 

(12) (4) Wo^T, ®^<F^|f^ ; Cd* (10) 5t<7) C B £ffl^T C B 
X0.6~CBX1.8©«SBBrt©fi*Sfe^Aofeeil|!|, (10) ^©CB^CX0.6-C 

hzwts * is 7 >c>. toft** hftffi\z£zmmx\z¥mm.W}tew.m 

L G = He/ (0.016- L 0 - 5 ) -L (n) 

H c = f (Po/Pop) • Mop • (4.2 + l.lMop 2 ) • d 

f (X)= -2.709X 4 + 17.71X 3 -40.99X 2 +40.29X-12.90 

( 0 . 7 < X < 2 . 1 ) 

f(X)= 0.109X 3 -1.432X 2 +6.632X-6.35 (2. 1 <X<2. 5) 
X = P 0 /Pop 

L : m&(D*v e^H^S (mm) 
LG : 7>*9ci%km&ft±mmr$<D&ffi (mm) 
Po: y XyUjfe^-JSfcEE (kgf/cm 2 ) 
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Pop: / X A'l&jEW&i&ti -&.EE (kgf/cm 2 ) 
Mop : i&JEB^^tlti^' y (-) 
d : yX/l/^P-hg (mm) 0 

5 ©ffe*fBE-Cfe5 0 *fc, 9^yX/KOjgiEKail6*f~&ffPopfiWTW (12) 

S e /S t =0.259 (P/Pop) - 5/7 { 1 - (P/Pop) 2/7 ) 4/2 (l 2) 

S e : 7^x/XAs&Qf$<Dmft (mm 2 ) 
St : 7^^J X/l^P — HBJOffiflJ (mm 2 ) 
10 P : 7 > X y X/Uffi P #ffl^i|&>ttJ± (kgf/cm 2 ) 

Pop: 7 >X 7 XVHIjEMii&#~&J± (kgf/cm 2 ) 
rrT\ (11) &*<DmiEBffl%&to-vy^&Mop\mT<D (13) iCT'ft 

Mop= [5 • { (Pop/P) 2/7 -l} ] 1/2 (13) 

15 Mop : iijE«B#qJbf±}v y (-) 

P :7^y X>ffi P #Hfc*6*tEE (kgf/cm 2 ) 
Pop : 7 J X^^Wm&nz. KkB (kgf/cm 2 ) 
SBfc#*«Ei:ttJE*T<0 (14) "9^W$H5c 

Fo2=0.58l • Sf £ * Po (14) 

20 S t : 7 J X/U* n - h (mm 2 ) 

Po : =7 > X y X/Plfe^Il^/E (kgf/cm 2 ) 
F02 : K*^f7ili (Nm 3 /h) 

£ : ffltftftft (-) (ilftttO. 9~1. O^tEISrt) o 



25 0flSWffi¥*8ftW 
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[1214] *wn(D^mmm*^-tm?m 0 w$*Mxmmfe%\tmm. 

I@5] 7D;/t 0 yfMIIi:Fl/Pi, Ql/Pl«&*1-^ 



[0 7] J^*$t^C N i^f^JE^P 2 tVK%±$>tif(D (T • F e) £ <E> £tf 



io m(D (T-.Fe) t(Dm&£*-tmw&%:<Dmo 



[0 9] M^^IlQZ^IltCTi^^^^^^T, k»k%Jk 
£>m(D (T • F e) k<Dm&&7S?tMWl1&%<Dmo 

[010] fpfc1±t)P2 s ||«F2, 1!*§^MQ2, $3fiiftf£ 
CT*i^^l)^7^-^ 6 £!&#ltit>l$a> (T-Fe) ^OH&fcjF-f lllfcfg 

15 H:<7)0 O 

sir. (i) ~ o) , do) &&m\z®.w-fz 0 
20 i^icfcv^tt, ±m&*fa±z&zizib\zm%m&&$L*mttzz.kit& 

25 &>6 0 



5 I(7)i 0 
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fl&fttJt- (T-Fe) <7)&ffi|::ffi^*7^#^BrWK£fiKU tniS^SISOR 
V ^l^tii^ftS-t tf»« W Jft$££ # 9 C O H X ±1" 5 fc 

5 flPJ± I- «t "9 3S£1" 5 c O ©ftSHi^"*- Sfc^oyfy ^l-ft LX t An 
fiE^i:^7>^^)ft^ #¥ir#)K (T-Fe) wg^itiv^? 
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&<D&W&X%<$:tt, lkg/cm 2 J:«9 hfrfoI±J]*±.%-£it?>t, &ffii5<T<a 

20 SASH'S (T-Fe) <Dmft\Z.^^7y<D&mz.±%t£&W*5- 

I'J-r^wir^EliTfe^ x ^P^-C^Lfc, F l/P l £q l/p kdW$K& 

25 l' (x-Hc) /d £<0K&a>s>tt^sg-e#i\ (i i) ~ (u) iUc^l 

tx^-^^WiiJ^fjfit (11) - (14) ^J:«9H-3f $KfcL, (4) 
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tfXfDM^M^V^Z&WttZiteZo Lfr^s 2CO+0 2 = 2C0 2 ©g 

*mw(omMmmzm4 mot^-To hm^^t, 2« 

©S5b*Sr»5)tfttitt l • 2kg/cm 2 J£Jl±^g^ t < , 

«i*J1-5tv^ffiftXVff^«:ifiS< L-f^5£» JE^KiJ; <9 ^WA^M?L 
^f^-fS^S/t^ E?fc§ffi#^±!!fctS£$&&i&gi:: «fc "9 0. 2 ~ 0 . 5 % 
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ifefctfrfcjgi o i^^ttt i nM^fs cM4- (i o) x^cb 

Srffl^TCB X0.6~CBXl.8«t t) kiUt/MI$c£ Lfc c 

C B =0.078 x P +0.058 X F - 1.3 X Q -0.00069 X Wm +0.49 ( l 0 ) 
5 IL P: ■fcfofrt) (kg/cm 2 ) 

F : ±.ok$mmmtmig. (Nm 3 /ton/min) 
Q : &k%tf*ffi,m. (Nm 3 /ton/min) 

wm : mmm ( t ) 

15 »*«2, 3W^»^fr5TIS(7)^*^SCBX1.8J:9tBil/Nii^tt % ^ 
%m^.2\Zio^X, F1/P1S:1. 1-4. 8, Ql/Pi^o. 05-0. 
SiiM^B#tf>*n y K'V^SrfflgJi-SJdliigs^-t-J; ?(IF 1./P 1 £4. 
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8^Tii"5r t tQ l/P l SrO. 0 5-0. 3 5 \z.MWtZZ ktf&mtft 

fotl. *¥SWr (T • Fe) ©S^ffi^^^^^fifei-SitdSS-WJiH 
-?fc$o Ql/Pll»ia5ll»^MfLf:t,roTib^0. 0 5 
5 i>9/h$v^^^«jt^/jN$^fcfe^p yWytfi&£.L J ?-r< , 0. 3 5 J; 
9*#V^£l-tt#¥fT#JK (T-Fe) <7>m#l-i«l^7^£$-f <btt 

Fl/Pl ttSfcsfsro^&ft&ffi^Lfcfc^tM. 8 J: U fc^tiMi^fcteflt 

10 W&\tWZ.&< LXb#¥-ffi&}\Z (T-Fe) (DgftizM^Xy ?'tf!£l&1rZ) ~ 
15 tm®D(Dtt (L/D) &0. 08~0. 3 0{d^1-5- <t t v I S8<0£j©4 

2 < mft U 0 fcSi < 1" 5 fcfc£>&#£g&£ Lfc tot 

fc5„ o£9 (L/D) ^so . 0 8J;l? Jb^^StMo^ 
«#,h$1-rsfc»EI 6 l^-f «fc 9 K 2 5j»**S£«rffl < 

fiT-fSfcft^WWI- (T-Fe) ©H^ifi!v^7^^J*i"S-i:ttiB»t 

(l/d) ^o. 3 0J:?)t>^:#^»^l-ttx ±?fctlfe**iffi<&3ft£ia s 

25 ii^i-MLfc (T-Fe) j&S±(»fc£»ft 8E£ &%>Tfa%(Dt)X*m®foW.< 

i£**l5fc*, CO^«^Ot&W»E^*<*t)fii^O (T-Fe) X*t 
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(4) ~ o) % (ii), (i 2) *trmmw-fz> 0 

5 fW^reit/g (K ; %C/m i n) (iJ£JlT<7)^T^ £*L5 0 

K=dC/d t= (Ak/V) '• (C-C G ) 
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15 9kg/cm 2 £t±<7)(i«JET"C©tft3l^^ l£^)^jSic^X«^x^y^(3{6T^« 

5 ~ 8 test # jj 4 1 m m k n $ © jft ; & £ ft t (7? -c & 5 „ n n <o 

25 (10) 5O£>CB£ffl^TCBX0.6~CBX1.8J: 9 <t>telo«J£i Lfc c 

CBfimiaiWJ: 9 ( I $) ^"b^iHWtii (nan) 

CBS:8aai"rS»rfc4ll»^:S:flllfiLfcfcOTfe5. 
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C B x 0.6 «fc "9 ©V ^fcte, n $ \z.Wft L 4 T« I #] T-*5 ^ * 5 ^ § m 

^Tfcr, m7lZ7r;T3:iiLP2* (5) ^Tjfit^SPAi (6) -StTM 

£ $ ftS P B cottSSU-fc 5 X o ^®mirZ) - t fa b # 3 ., 

PA=0. 8 + 5 XC (5) 

P B= 2 X C (6) 

Cir-CCtt, wt%tfcOPA, PBIJ (kg/cm 2 ) BH&££ofck 

&&Ltc.1&mmt 3 iitz<Di>i (5) , (6) it-cfeSo 

m&izfcfomigfim^tc & c o^^^jg^ii^ -e t -r * # & c o 
itLtzymmtpimmi, x?y<D (t- Fe) j $>&mmmm&<D±.&&ia< 0 
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(T • F e) tOSJEStt*J*§< , Minn (T • F e) "Ct>i»L< CO#^^« 

5 C^si%J:*)fliv^«w±!fc*ife5(S^*&agFHc:j!rL, 1% 

UT0W&~?<D±*k%&MQi1&tt&F2% (7) ^O/3/j5-0. 2 5~0 ; . 5(7) 
0 = (F 2/F 1 ) -C (7) „ 

7^© (T • Fe) ^««K*ftff©±#S:ffl<o *«W#i^J:6»iWl*ll*^ 
X V . 5 8 ki^T «fc 5 I- 13 £- 0 . 

2 5-0. 5<o|SHt<li9*p-*"5^S^fc5ii:*sWfc3&»t*ofc 0 j3^-0. 2 

ti5^KB#ra* s ^<B^it*'t5fc*^SttSr<ST**, 0. 5 «fc *) t ^ # ^41 
e) ^»*K*»S©±#S:JB< 0 

Lfct>©T?fc«9, C#l%J:9i«v^ttWj£!fc##;*ifii:Q l dftU l%& 

7= (Q2/Q1) -5X (1-C) (8) o 
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